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Description 

METHOD FOR DEEP TRENCH ETCHING 
THROUGH A BURIED INSULATOR LAYER 

Background of Invention 

[0001] The present invention relates generally to semiconductor 
device processing and, more particularly, to a method for 
deep trenching etching of a silicon wafer through a buried 
insulator layer. 

[0002] Dynamic random access memory, or DRAM, is a type of 

semiconductor memory in which the information is stored 
as data bits in capacitors on a metal-ox- 
ide-semiconductor (MOS) integrated circuit. Each bit is 
typically stored as an amount of electrical charge in a 
storage cell consisting of a capacitor and a transistor. Due 
to charge leakage, the capacitor discharges gradually and 
the memory cell can lose the information. Therefore, to 
preserve the information, the memory must be refreshed 
periodically. Despite this inconvenience, the DRAM is a 
very popular memory technology because of its high den- 



sity and consequent low price. 

[0003] Conventional semiconductor DRAM devices are formed in 
bulk semiconductive substrate material by implanting a 
well of either p-type or n-type material in a wafer of ei- 
ther type material. Gates and source/drain diffusions are 
then manufactured using commonly known processes. 
These can form devices known as metal-ox- 
ide-semiconductor field effect transistors, or MOSFETs. 
When a given chip uses both p-type and n-type semicon- 
ductors, it is known as a complementary metal oxide 
semiconductor (CMOS) chip. Each of these type devices 
must be electrically isolated from the others in order to 
avoid electrical shorting of the circuits. A relatively large 
amount of surface area is needed for the electrical isola- 
tion of the various FETs, which is undesirable in the cur- 
rent trend toward overall size reduction and greater inte- 
gration. Additionally, parasitic paths and junction capaci- 
tance problems may be present because of the physical 
proximity of the source/drain diffusions to other FETs and 
to the bulk substrate. These problems more frequently 
arise when trying to scale circuitry down to the sizes nec- 
essary for greater circuit density. 

[0004] Silicon-on-insulator (SOI) technology is one approach that 



has been increasingly used to alleviate these problems. 
However, SOI devices may suffer from problems such as 
self-heating, electrostatic discharge susceptibility, low 
breakdown voltage, and dynamic floating body effects, 
which in turn present problems for passgate devices and 
devices requiring tight threshold voltage control. The so- 
called "floating body effect" occurs when the body of the 
device is not connected to a fixed potential and, therefore, 
the device takes on a charge based on the history of the 
device. The floating body effect greatly affects device reli- 
ability. 

[0005] Certain types of semiconductor memory are more suscep- 
tible to the floating body effect. For instance, in dynamic 
random access memory (DRAM) the information is stored 
in capacitors in an MOS circuit. Thus, in DRAM, the float- 
ing body effect is especially detrimental since it is critical 
that the associated transistor stays in an "off condition to 
prevent charge leakage from the storage capacitor. As 
such, it is generally advantageous to form a DRAM array in 
bulk silicon regions, and advantageous to form other logic 
devices in an SOI region. In the case of an embedded 
DRAM (eDRAM) device, such as is found in the area of Ap- 
plication Specific Integrated Circuit (ASIC) technologies for 



example, the memory array region of the device is gener- 
ally formed in proximity to the support regions of the de- 
vice. As result, eDRAM devices have recently been formed 
within a designed bulk/SOI hybrid substrate, wherein the 
DRAM devices are formed in the bulk regions of the hybrid 
substrate and the support devices are formed in the SOI 
regions of the hybrid substrate. 
[0006] For such configurations, one existing approach has been 
to pattern and create both bulk and SOI regions on the 
same wafer by processes such as separation by implanta- 
tion of oxygen (SIMOX), for example. However, the addi- 
tional lithography, patterning and implantation steps as- 
sociated therewith increase the overall manufacturing 
costs of the device. Accordingly, it would be desirable to 
be able to form both support and array areas of an eDRAM 
device on a uniform substrate (such as an SOI substrate), 
while still retaining the benefits of a hybrid substrate in 

terms of device performance. 
Summary of Invention 

[0007] The foregoing discussed drawbacks and deficiencies of 
the prior art are overcome or alleviated by a method for 
etching a silicon on insulator (SOI) substrate. In an exem- 
plary embodiment, the method includes opening a hard- 



mask layer formed on an SOI layer of the SOI substrate, 
and etching through the SOI layer, a buried insulator layer 
underneath the SOI layer, and a bulk silicon layer beneath 
the buried insulator layer using a single etch step. 
[0008] | n another aspect, a method for forming a deep trench 
within a silicon on insulator (SOI) substrate. In an exem- 
plary embodiment, the method includes forming a hard- 
mask layer on an SOI layer of the SOI substrate, patterning 
a desired deep trench pattern in the hardmask layer, and 
etching through the SOI layer, a buried oxide (BOX) layer 
underneath the SOI layer, and a bulk silicon layer beneath 

the BOX layer using a single etch step. 
Brief Description of Drawings 

[0009] Referring to the exemplary drawings wherein like ele- 
ments are numbered alike in the several Figures: 

[0010] Figures 1 and 2 illustrate cross sectional views of a con- 
ventional trench etching process implemented in a bulk 
silicon substrate; 

[0011] Figure 3 is a process flow diagram illustrating a method 
for deep trenching etching through a buried insulator 
layer, in accordance with an embodiment of the invention; 
and 

[0012] Figures 4 and 5 illustrate cross sectional views of the 



etching process of Figure 3. 
Detailed Description 

[0013] The etching of a deep trench in silicon has been the foun- 
dation for building capacitors on eDRAM dram and DRAM 
circuits. With an oxide hardmask in place, a high aspect 
ratio trench may be etched into bulk crystal silicon. Exist- 
ing trench processes have not heretofore been specifically 
designed or utilized to etch through any materials other 
than silicon. As such, the silicon to oxide selectivity has 
been imperative to the trench etch process in order to 
preserve the oxide hardmasks. 

[0014] with the merging of eDRAM with silicon on insulator (SOI) 
technology comes a new requirement to etch through a 
buried oxide to create the deep trench. Today, patterning 
of the buried oxide layer is carried out so as to eliminate 
the necessity of using multiple etching steps in order to 
complete the deep trench through the buried oxide. Un- 
fortunately, the creation of patterned silicon on insulators 
requires extra processing steps and extra reticles. 

[0015] it has been discovered that a particular deep trench pro- 
cess has the ability to etch through buried oxides and 
continue etching into bulk silicon to create a deep trench 
with clean profiles and acceptable depth. This capability 



eliminates the need for creating patterned buried oxides. 
Moreover, this particular etching process utilizes only a 
single process step in one chamber to etch through a 
three-film stack (e.g., silicon, oxide, silicon). As is de- 
scribed in further detail hereinafter, an embodiment of the 
present invention utilizes an HBr, NF 3 , chemistry at 
sufficient high power so as to etch a deep trench through 
silicon on insulator, a relatively thick buried oxide (BOX) 
layer (e.g., about 130-140 nm), and thereafter through 
bulk silicon in a single processing step in a RIE process 
chamber set up for silicon deep trench etching. 
[0016] Referring initially to Figure 1, there is shown a cross sec- 
tional view of a bulk silicon substrate 100 in which a con- 
ventional deep trench formation process is implemented. 
As is known in the art, a deep trench silicon etch is a pro- 
cess in which trenches are etched (e.g., by reactive ion 
etching) into crystal silicon at high aspect ratios. As used 
herein, the term "aspect ratio" refers to the ratio of the 
trench depth with respect to the opening at the top of the 
trench. Thus, a "high" aspect ratio in the context of deep 
trench etching is generally considered to be on the order 
of about 30:1 or more. In order to prepare the substrate 
100 for the deep trench process, a thin pad nitride hard- 



mask 102 and a thick borosilicate glass (BSG) oxide hard- 
mask 104 is deposited thereon. The wafer is patterned by 
appropriate lithography steps, and the resulting hardmask 
stack (collectively denoted by 106) is patterned by a mask 
opening etch that defines the openings 108 for deep 
trench formation. 

[0017] The trench etch process is then completed by etching one 
or more deep vertical trenches 110 into the bulk crystal 
silicon substrate 100, as shown in Figure 2. It will be rec- 
ognized that the trenches 110 shown in Figure 2 are not 
illustrated to scale, as a typical deep trench for a DRAM 
storage cell may be on the order of about 6,000 to 10,000 
nm (6-10 microns) deep, for example. In order to main- 
tain the desired aspect ratio at least about or above 30:1, 
a relatively thick oxide hardmask is used (e.g., about 
6,000 to about 20,000 Angstroms (A) and more particu- 
larly, for deep trench applications, about 10,000 to about 
18,000 A). Accordingly, the etch rate for silicon has to be 
highly selective to this oxide mask, typically at an aspect 
ratio of above 5:1. In turn, in order to maintain these etch 
high selectivities, gas chemistries are chosen which do not 
etch oxide well. 

[0018] As discussed earlier, the role of merged logic devices 



(such as eDRAM having both logic and support devices on 
a common substrate) has become increasingly significant 
in semiconductor device manufacturing. Moreover, for 
high performance devices there is a trend in switching 
from using conventional bulk semiconductor wafers to SOI 
wafers. Instead of implementing more complex patterning 
steps to selectively place SOI areas on a wafer, the present 
invention embodiments allow for the formation of deep 
trenches in areas where SOI is present, but without multi- 
ple etching steps to account for the buried oxide layer 
(BOX). In other words, forming the deep trench without an 
SOI etch (selective to BOX), followed by an oxide etch se- 
lective to silicon, followed by yet another bulk silicon etch 
that is selective to oxide. 
[0019] Figure 3 is a process flow diagram illustrating a method 

300 for deep trenching etching through a buried insulator 
layer, in accordance with an embodiment of the invention. 
As shown in block 302, a semiconductor wafer is provided 
with a silicon on insulator layer over a buried oxide layer 
on a bulk silicon substrate. The SOI wafer may be formed 
by any of a number of existing techniques known in the 
art such as SIMOX or "smart cut", for example. In addition, 
the entire wafer may have an SOI layer, or the wafer may 



be patterned with specific regions of SOI, depending on 
the desired application(s) thereof. Once the SOI wafer is 
formed, one or more layers of hardmask material are 
formed over the SOI layer, as shown at block 304. 

[0020] Then, at block 306, the resulting hardmask stack is pat- 
terned with the desired deep trench pattern through ap- 
propriate lithography steps. In block 308, the hardmask 
stack is opened and the photoresist material is removed 
and the wafer cleaned. Finally, at block 310, a single etch 
step is used to etch through the SOI layer, the BOX layer 
and the bulk silicon to the desired trench depth, while 
maintaining sufficient trench structural integrity. 

[0021] Figures 4 and 5 illustrate cross sectional views of the 

etching process 300 of Figure 3. As can be seen in Figure 
4, the SOI substrate 400 includes a bulk silicon region 
402, BOX layer 404, and SOI layer 406. Formed thereupon 
are a thin pad nitride hardmask 408 and a thick borosili- 
cate glass (BSG) oxide hard mask 410. The resulting hard- 
mask stack (collectively denoted by 412) is patterned by a 
mask opening etch that defines the openings 414 for 
deep trench formation. The single etch step deep trenches 
416 are shown in Figure 5. 

[0022] | n order to achieve the single step etch, a low-pressure 



taper process was used (e.g., about 10 to about 150 
mTorr). The taper refers to the component of the etch 
process that etches through the SOI, and was added to the 
recipe to add stability to the bulk etch trench process. In 
particular, the low-pressure process further adds a high 
sputtering component to the etch, thereby making it suc- 
cessful at cutting through oxide despite its selective 
chemistry makeup. In an exemplary embodiment, the 
above-described trench etch process uses an HBr, NF 3 , 
chemistry at relatively high power levels (e.g., about 
500-1000 Watts). This chemistry etches through both sili- 
con and oxide and maintains structural integrity during 
the rest of the trench-etch process after etching through 
the SOI layer. Moreover, the process has had demon- 
strated repeatability with multiple, non-patterned SOI 
wafer lots. 

[0023] As will be appreciated, the above described process may 
be used for other applications where a single etch chem- 
istry is desired to etch both silicon and a dielectric, so 
long as the dielectric thickness is sufficiently low com- 
pared to the hardmask thickness. For example, the hard- 
mask thickness should account for approximately a 1:1 
selectivity while etching dielectrics, and a selectivity from 



about 5:1 to about 35:1 for etching silicon. 
[0024] while the invention has been described with reference to a 
preferred embodiment or embodiments, it will be under- 
stood by those skilled in the art that various changes may 
be made and equivalents may be substituted for elements 
thereof without departing from the scope of the invention. 
In addition, many modifications may be made to adapt a 
particular situation or material to the teachings of the in- 
vention without departing from the essential scope 
thereof. Therefore, it is intended that the invention not be 
limited to the particular embodiment disclosed as the best 
mode contemplated for carrying out this invention, but 
that the invention will include all embodiments falling 
within the scope of the appended claims. 



